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An investigation of leaf indumentum, the identification of the essential oil components and assessment of various biological activities of Salvia
albicaulis and S. dolomitica essential oils were carried out. Non-glandular and both peltate and capitate glandular trichomes were identified using
scanning electron microscopy. The essential oil of S. albicauliswas dominated by oxygen-containing sesquiterpenes (47%), with viridiflorol (25%),
1,8-cineole (9%) and limonene (9%) as major components. S. dolomitica oil was mainly composed of oxygen-containing monoterpenes (72%),
with geraniol (20%), linalyl acetate (20%) and linalool (17%) being the major components. The in vitro pharmacological properties of the essential
oils were also evaluated. Antibacterial activity was assessed against Staphylococcus aureus (ATCC 25923), Bacillus cereus (ATCC 11778),
Escherichia coli (ATCC 8739) and Klebsiella pneumoniae (NCTC 9633). The oils showed poor activity against E. coli (MIC value N32 mg
ml−1), while moderate activity was obtained against the other pathogens (MIC values between 2 and 12 mg ml−1). The results of the antiplasmodial
activity evaluated against the chloroquine-resistant FCR-3 strain showed that both S. albicaulis and S. dolomitica essential oils exhibited
antiplasmodial activity with IC50 values of 6±2 and 5±1 μg ml
−1, respectively. The two oils also displayed anti-inflammatory activity (IC50 value:
39±4 and 65±6 μg ml−1, respectively). Poor anti-oxidant activity was obtained against the DPPH·and the ABTS·+ radicals (IC50 valuesN100 μg
ml−1). The toxicity profile of the two oils evaluated against the human kidney epithelium cells indicated some degree of toxicity in comparison to
5′-fluoro-uracil.
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The cosmopolitan genus Salvia (Lamiaceae) comprises ap-
proximately 900 species which occur worldwide and southern
Africa is home to 26 Salvia species (Codd, 1985). Salvia species
are used in traditional medicine in South Africa and many parts of
the world to treat various conditions like sore throats, colds,
malaria, digestive disorders or as an insect repellent (Watt and
Breyer-Brandwijk, 1962). Previous reports on Salvia species⁎ Corresponding author. Tel.: +27 12 382 6360; fax: +27 12 382 6243.
E-mail address: viljoenam@tut.ac.za (A.M. Viljoen).
0254-6299/$ - see front matter © 2006 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2006.08.001revealed that they exhibit various pharmacological properties
such as anti-oxidant, anti-inflammatory, antimicrobial and anti-
plasmodial activity (Tepe et al., 2004; Kamatou et al., 2005). Like
many other members of the family Lamiaceae, Salvia species are
aromatic plants, rich in essential oils which have been used in
food, cosmetics, perfumes and pharmaceuticals (Baratta et al.,
1998; Baylac and Racine, 2003). In addition, Salvia species are
used in traditional medicine by inhalation which prompted an
investigation of the volatile compounds.
Essential oils are odorous, volatile products of an aromatic
plant's secondary metabolism normally formed in special cells
or groups of cells on leaves, stems or roots (Araújo et al., 2003).ts reserved.
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homes (Bosabalidis, 1990). These hair-like structures have
various forms, structures and functions. The taxonomic value of
trichomes is well known in the Lamiaceae and related families
such as Verbenaceae (Metcalfe and Chalk, 1950). However, the
morphology of these trichome features has not yet been reported
in most of the southern African species.
In a continuation of our efforts to study the phytochemistry
and pharmacological activities of South African aromatic plants,
we report here on the type of trichomes and on the chemical
composition and the biological activities of the essential oils of
Salvia albicaulis and S. dolomitica.
2. Material and methods
2.1. Plant material and isolation of essential oils
Fresh aerial parts of S. albicaulis Benth. and S. dolomitica
Codd were collected from natural populations in the Cape region
of South Africa. The two species were identified at the South
African National Biodiversity Institute (Pretoria) and voucher
specimens (AV 894 and AV 838, respectively) are housed in the
School of Pharmacy, Tshwane University of Technology, South
Africa. The essential oils were isolated by hydrodistillation
using a Clevenger apparatus for 3 h.
2.2. Scanning electron microscopy (SEM)
Fresh leaves were fixed in formalin, alcohol and acetic acid
solution (FAA)made up of distilledwater: 95% ethanol: formalin:
glacial acetic acid (28:17:6:2) (Johansen, 1940). The material was
dehydrated using a graded series of ethanol (50%, 70%, 90% and
100%) before critical point drying. Suitable portions were
mounted onto SEM stubs using double-sided adhesive tape and
sputter-coated with gold. Both adaxial and abaxial surfaces were
examined with a JEOL-5600 scanning electron microscope at an
acceleration voltage of 6 kV.
2.3. Gas chromatography and gas chromatography coupled to
mass spectroscopy
2.3.1. Gas chromatography (GC)
GC analyses of the oils were performed using a Perkin Elmer
8700 gas chromatograph equipped with two FIDs, a data
handling system and a vaporizing injector port into which two
columns of different polarities were installed: a DB-1 fused-
silica column (30 m×0.25 mm i.d., film thickness 0.25 μm) and
a DB-17HT fused-silica column (30 m×0.25 mm i.d., film
thickness 0.15 μm). Oven temperature was programmed, 45–
175 °C, at 3 °C/min, subsequently at 15 °C/min up to 300 °C,
and then held isothermal for 10 min; injector and detector
temperatures, 280 °C and 290 °C, respectively; carrier gas,
hydrogen, adjusted to a linear velocity of 30 cm/s. The samples
were injected using the split sampling technique, ratio 1:50
(Pedro et al., 2001). The percentage composition of the oil
samples was computed from the GC peak areas using the
normalization method; the data were calculated as mean valuesof two injections from each oil sample without using response
factors.
2.3.2. Gas chromatography coupled to mass spectroscopy
(GC/MS)
GC/MS analyses of the oils were performed with Perkin
Elmer Autosystem XL gas chromatograph, equipped with DB-1
fused-silica column (30 m×0.25 mm i.d. film thickness
0.25 μm) and interfaced with Perkin–Elmer Turbomass mass
spectrometer (software version 4.1). Oven temperature was
programmed as above; transfer line temperature, 280 °C; ion
trap temperature, 220 °C; carrier gas, helium, adjusted to a
linear velocity of 30 cm/s; split ratio, 1:40; ionization energy,
70 eV; ionization current, 60 μA; scan range, 40–300 u; scan
time, 1 s (Pedro et al., 2001). The identity of the compounds was
assigned by comparison of their retention indices, relative to
C8–C17 n-alkanes, and GC/MS spectra with corresponding data
of compounds of reference oils, laboratory-synthesized com-
pounds and commercially available standards from a home-
made library.
2.4. Biological activities
2.4.1. Antibacterial activity
The antibacterial activity of the two oils was performed on
Staphylococcus aureus (ATCC 25923), Bacillus cereus
(ATCC 11778), Escherichia coli (ATCC 8739) and Klebsiella
pneumoniae (NCTC 9633) strains using the microwell dilution
assay (Eloff, 1998). An equal volume of oil sample (128mgml−1
in acetone) was plated into the first well and serially diluted
with sterile water. Bacterial suspension was then added to the
wells prior to 24 h of incubation at 37 °C. p-Iodonitrotetrazo-
lium chloride [0.04% (w/v; Sigma)] was added directly into the
culture medium of each well and the minimum inhibitory
concentration (MIC) determined after 6 h. The assay was
performed in duplicate and repeated at least twice. Ciproflox-
acin (Merck) was used as the positive control. The final
concentration of acetone in the well had no effect on bacterial
growth.
2.4.2. Anti-inflammatory activity
The anti-inflammatory activity was determined using the
5-lipoxygenase assay (Baylac and Racine, 2003). Sample dilu-
tions were prepared with a mixture of dimethyl sufoxide (DMSO;
Saarchem) and Tween® 20 (Fluka). Each was comprised of a test
sample; 0.1 M pre-warmed potassium phosphate (pH 6.3),
linoleic acid (Fluka) solution and the 5-lipoxygenase enzyme
(Cayman). The assaymixture without essential oil was used as the
negative control. The reaction was started by adding the 5-lipo-
xygenase enzyme and the absorbance arising from the modifi-
cation of linoleic acid (diene 1–4 converted into diene 1–3) was
measured for 10 min at 234 nm at room temperature using a
spectrophotometer (Spercord Analytikjena 40) equipped with the
Winaspect® software. The initial reaction rate was determined
from the slope of the straight portion of the curve and the
percentage activity of the enzyme was calculated by comparison
with the control (DMSO and Tween® 20 mixture) and the
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calculated. Nordihydroguaiaretic acid (NDGA; Cayman) was
used as the reference anti-inflammatory compound.
2.4.3. Anti-oxidant activity
The scavenging capacity of the essential oils was measured
using the 2,2-diphenyl-1-picrylhydrazyl (DPPH·) and the 2,2′-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS·+)
radicals. The DPPH method uses a relatively stable free radical
2,2-diphenyl-1-picrylhydrazyl (Fluka) as a reagent. Dilutions of
the essential oils in DMSO were plated out in triplicate in a
96-well plate (Lourens et al., 2004). The DPPH· radical purple
coloured solution was added to the test samples and HPLC
grade methanol to the controls and the plate incubated in the
dark for 30 min at room temperature before measuring the
absorbance at 550 nm. Percentage decolourisation of the DPPH
was calculated from the methanol untreated wells.
The anti-oxidant activity was also determined using the
2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS·+)
radical (Villaño et al., 2004) with slight modifications. Stock
solution and dilutions of the essential oils were prepared with
DMSO. Each run composed of the sample and theABTS·+ radical
(Sigma) which was then kept for 4 min at 30 °C in a water bath
before absorbance was read at 734 nm. Each dilution was carried
out in duplicate. The percentage decolourisation relative to the
control (without test sample)was calculated. The IC50 valueswereFig. 1. SEM micrographs of trichomes of S. albicaulis and S. dolomitica. (A) c
bar=25 μm; (B) sparse capitate trichome of S. albicaulis with a short stalk cell, bar=
bar=10 μm; (D) capitate trichome of S. dolomitica and non-glandular trichomes, bardetermined as the concentration of test sample required to
scavenge 50% of the DPPH and ABTS·+ radicals. Vitamin C
(Saarchem) and Trolox® (Sigma) were used as positive controls
against the DPPH· and the ABTS·+ radical, respectively.
2.4.4. Antiplasmodial activity
The antiplasmodial activity was assessed using the [3H]-
hypoxanthine radiometric method (Desjardins et al., 1979) over
a single growth cycle (48 h) against the Plasmodium falciparum
FCR-3 chloroquine-resistant strain. Dilutions of the oil were
plated out in triplicate into a 96-well plate with control wells
before parasitized red blood cells were added to test samples
and incubated for 24 h. The [3H]-hypoxanthine radio-isotope
(Amersham) was then added to the plate before incubation for a
further 24 h. The amount of [3H]-hypoxanthine radio-isotope
incorporated into the parasite was determined with a scintillation
counter (Wallac®). The inhibitory concentration which killed
50% of parasite growth (IC50) was determined. Chloroquine
diphosphate (Sigma) was used as reference antiplasmodial drug.
2.4.5. Toxicity profile
The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT; USB®) colourimetric assay was performed on
transformed human kidney epithelial cells (Graham) (Mosmann,
1983). Various dilutions of essential oils were plated out in
triplicate in a 96-well plate containing approximately 0.25millionapitate trichome of S. albicaulis and a multicelullar non-glandular trichome,
10 μm; (C) sessile peltate trichome with multicellular head cells of S. albicaulis,
=10 μm; (E) peltate trichome of S. dolomitica with an intact cuticle, bar=10 μm.
Table 1
The percentage (%) composition of the essential oils of S. albicaulis and S.
dolomitica
Components RI S. albicaulis S. dolomitica
Tricyclene 921 tr
α-Thujene 924 tr
α-Pinene 930 1.9 tr
Camphene 938 tr
Sabinene 958 tr 0.1
1-Octen-3-ol 961 tr 0.1
β-Pinene 963 tr
Myrcene 975 tr 0.6
δ-2-Carene 983 tr
δ-3-Carene 1000 tr
.p-Cymene 1003 2.5 0.2
1,8-Cineole 1005 9.4 tr
Limonene 1009 9.4 0.6
.cis-β-Ocimene 1017 0.6
.γ-Terpinene 1035 tr
.cis-Linalool oxide 1045 0.2
.trans-Linalool oxide 1059 0.2
Terpinolene 1064 0.2
Linalool 1074 tr 16.6
.trans-p-2-Menthen-1-ol 1074 tr
α-Campholenal 1088 tr
Camphor 1095 2.3
.neo-iso-Thujanol 1101 tr
.allo-Ocimene 1110 0.8
Nerol oxide 1127 0.1
Borneol 1134 tr
Terpinen-4-ol 1148 0.8
α-Terpineol 1159 2.7 6.2
Myrtenol 1168 1.5
.trans-Carveol 1189 tr
Cuminaldehyde 1200 tr
Carvone 1206 tr
Citronelol 1210 0.4
Geraniol 1236 19.6
Linalyl acetate 1245 19.6
Bornyl acetate 1265 tr
Neryl acetate 1275 4.0
Geranyl acetate 1370 2.3
α-Gurjunene 1400 tr
β-Caryophyllene 1414 2.1 0.3
Aromadendrene 1428 2.0
α-Humulene 1447 tr 0.2
.trans-β-Farnesene 1455 0.2
.allo-Aromadendrene 1456 tr
Geranyl-2-butyl ether 1466 1.8
Viridiflorene 1487 0.8
UI C 1492 1.4
UI A 1494 3.5
.trans-Nerolidol 1549 2.1
UI D 1550 2.8
Spathulenol 1551 2.0 1.5
β-Caryophyllene oxide 1561 5.6
Globulol 1566 2.2
Viridiflorol 1569 24.5
UI B 1569 2.8
Ledol 1580 6.6
T-Cadinol 1616 2.0
δ-Cadinol 1618 0.6
β-Eudesmol 1620 tr
α-Cadinol 1626 tr
.epi-α-Bisabolol 1658 2.0
% Identification 80.8 78.6
(continued on next page)
Table 1 (continued )
Components RI S. albicaulis S. dolomitica
Grouped components
Monoterpene hydrocarbons 13.8 2.3
Oxygen-containing monoterpenes 15.9 71.8
Sesquiterpene hydrocarbons 4.1 1.5
Oxygen-containing sesquiterpenes 47.0 2.1
Others tr 0.1
tr: trace (b0.05%); RI: retention indices.
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The MTT solution (0.25 g ml−1) was then added to all the wells
and the plate incubated for a further 4 h before the absorbance was
measured at 540 nmand the referencewavelength of 690 nmusing
a spectrophotometer (Labsystems iEMS reader MF) connected to
the Ascent® software. The IC50 values (concentration at which
50% of cells were killed) were calculated using the appropriate
controls. The toxicity of the essential oils was compared to that of
the anticancer drug 5′-fluoro-uracil (Sigma®).
2.5. Statistical analysis
All the IC50 valueswere determined from the log sigmoid-dose
response curve generated using the Enzfitter® version 1.05 soft-
ware. Unless otherwise specified, these values are expressed as
mean±standard deviation of three independent experiments. The
comparison between the activities of the two oils were evaluated
using the Student-t sample test. All statistical tests were performed
using Statistica® software at 95% confidence limits.
3. Results and discussion
3.1. SEM
The leaf indumentum of S. albicaulis and S. dolomitica show-
ed peltate and capitate glandular trichomes as well as non-glan-
dular ones, covering both the adaxial and the abaxial surfaces
(Fig. 1A–E). Peltate and capitate trichomes encountered in S.
albicaulis and S. dolomitica resembled those generally found in
other Lamiaceae species (Metcalfe andChalk, 1950;Werker et al.,
1985). The peltate trichomes consisted of one basal epidermal
cell, a short wide stalk cell and a round broad multicellular head
with the secretory cells arranged in a single circle (Fig. 1C).
Peltate trichomes of the Lamiaceae are usually composed of
several secretory head-cells (up to 16 usually), a wide short stalk
and one basal epidermal cell (Hallahan, 2000). In S. officinalis
and S. fruticosa, Werker et al. (1985) found that heads composed
of eight cells were common. We previously observed that the
peltate trichomes could have up to sixteen secretory cells in S.
chamelaeagnea (Kamatou et al., 2006) and the current study
showed the head of the peltate trichomes composed of at least
eight cells in a single circle (Fig. 1C) which is in agreement with
other studies of the Lamiaceae (Werker et al., 1985; Hallahan,
2000). However, in the peltate trichomes of some taxa of the
Lamiaceae such as Origanum (Bosabalidis and Tseko, 1984),
Satureja thymbra (Bosabalidis, 1990), and S. chamelaeagnea
(Kamatou et al., 2006), a larger number of secretory cells of the
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circles. The capitate trichomes observed in the investigated spe-
cies are composed of one basal cell, a short stalk cell and a
unicellular or bicellular secretory head. The density of non-
glandular trichomes on the leaf surfaces is variable. In S.
albicaulis, these trichomes are more scattered (Fig. 1A), while in
S. dolomitica they form a dense covering obscuring the epidermal
surfaces (Fig. 1E). The nonglandular trichomes were unbranched,
uniseriate and composed of three to five cells (Fig. 1A and 1E).
3.2. Essential oil composition
Thirty-eight and thirty-six components representing 81%
and 79% of the total oils of S. albicaulis and S. dolomitica were
respectively identified (Table 1). The identified components
with their respective percentage composition are listed in Table 1
in order of their elution on a DB-1 column. In S. dolomitica, four
compounds [RIs 1494 (A), 1569 (B), 1492 (C) and 1550 (D)]
that amounted to 11% of the total oil remained unidentified
(Table 1).
Major qualitative and quantitative differences were found
between S. albicaulis and S. dolomitica oils. In S. albicaulis,
oxygen-containing sesquiterpenes (47%) were the major class
of compounds present, viridiflorol (25%) being the dominant
component. Other main components included the oxygen-
containing monoterpene, 1,8-cineole (9%) and the monoterpene
hydrocarbon, limonene (9%). On the other hand, S. dolomitica
was dominated by oxygen-containing monoterpenes (72%).
Geraniol and linalyl acetate, in similar amounts (20%) and
linalool (17%) were the major components in this oil (Table 1).
The essential oils of S. albicaulis to a certain degree
qualitatively resembled that of other Salvia species (Bellomaria
et al., 1992; Kamatou et al., 2005, 2006). Components of
essential oils such as 1,8-cineole, myrcene, β-caryophyllene,
borneol, camphene, limonene and spathulenol are common to
Salvia species. However, geraniol (20%) and linalyl acetate
(17%) are rare in Salvia species. Furthermore, the unidentified
(UI) components of the oils namely UI A, UI B, UI C and UI D
were previously detected in species of the family Umbelliferae
(Figueiredo, pers comm) and their presence in S. dolomitica
differentiates this species from others indigenous Salvia speciesTable 2
Biological activities of the essential oils of S. albicaulis and S. dolomitica (n=3)
Species/
controls
Antimicrobial activity
(mg ml−1)
Anti-
activ
B. cereus S. aureus E. coli K. pneumoniae
S. albicaulis 2.3 8.0 N32.0 8.0 39.2
S. dolomitica 9.3 12.0 N32.0 8.0 64.6
Controls 4.0×10−5 a 3.1×10−4 a 4.0×10−5 a 1.6×10−5 a 5.0
*Mean±SE (n=1).
a Ciprofloxacin.
b NDGA.
c Chloroquine diphospahate.
d Vitamin C.
e Trolox.
f 5′-Fluorouracil.to date. A study is underway to isolate and characterize these
components.
3.3. Biological activities
The essential oil of S. albicaulis was more active than S.
dolomitica against B. cereus and S. aureus, while no difference
was observed against the Gram-negative bacteria (Table 2). The
essential oils of many Lamiaceae have been known since
antiquity to display a broad range of biological activities,
notably their antimicrobial potency (Baratta et al., 1998) and
this activity is generally correlated to the chemical composition
of the oil. Thus, this biological difference can be partly ex-
plained by the variation in their chemical composition (Table 1).
The results relating the hydrocarbon and the oxygenated
fractions of S. officinalis essential oil showed that the
hydrocarbon fractions did not inhibit the growth of micro-
organisms while the oxygenated fractions exhibited a signifi-
cant dose response (Carta et al., 1996). In the oils studied, the
oxygen-containing mono- and sesquiterpenes represent 16%
and 47% in S. albicaulis and 72% and 2% in S. dolomitica,
respectively and these differences may account for the
dissimilar antibacterial activity.
The essential oils displayed the ability to inhibit the in vitro
activity of 5-lipoxygenase with S. albicaulis being more
effective than S. dolomitica (Table 2). This anti-inflammatory
activity has been reported for other Salvia species (Baylac and
Racine, 2003; Kamatou et al., 2005) and may be attributed to
the high percentage of sesquiterpenes. Sesquiterpenoids and
their derivatives are credited with various biological properties
including anti-asthmatic, antibacterial, antifungal, anti-inflam-
matory and antineoplastic activities (Farnworth and Bingel,
1977). Structure-activity relationships to define broad catego-
ries of activities for the different classes of molecules found in
essential oils have been investigated. Essential oil compounds
such as α-pinene, β-caryophyllene and trans-nerolidol (also
found in S. albicaulis) have previously been reported to inhibit
the 5-lipoxygenase enzyme (Baylac and Racine, 2003). Peana
et al. (2002) demonstrated that linalool and its ester linalyl acetate
(Table 1) exhibited anti-inflammatory activity whichmay account
for the inhibitory activity observed for S. dolomitica.inflammatory
ity (μg ml−1)
Antiplasmodial
activity (μg ml−1)
Anti-oxidant activity
(μg ml−1)
Toxicity profile
(μg ml−1)
DPPH· ABTS·+
±3.9* 6.4±2.0 N100 N100 2.6±0.7
±6.5* 4.8±0.7 N100 N100 7.7±0.3
±0.5*, b 0.1±0.0 c 4.7±0.3 d 2.4±0.1 e 136.1±16.6 f
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sage oils (Baratta et al., 1998). However, the results of this study
demonstrated that the essential oils of S. albicaulis and S.
dolomitica exhibited poor anti-oxidant activity against both the
DPPH· and the ABTS·+ radicals (IC50 value N100 μg ml
−1)
compared to the reference anti-oxidant compounds such as
vitamin C (IC50 value: 5±0.1 μg ml
−1) and Trolox® (IC50 value:
2±0.1 μg ml−1) (Table 2).
The essential oils of S. albicaulis and S. dolomitica exhibited
antiplasmodial activity with the activity of S. dolomitica being
statistically greater to that of S. albicaulis (Pb0.05) (Table 2).
Many studies have reported on the antiplasmodial activity of the
crude essential oils or pure essential components (Lopes et al.,
1999; van Zyl et al., 2006). The biological activity of essential
oils is mainly correlated with their chemical composition.
Nerolidol was identified as one of the active principles
inhibiting the growth of P. falciparum (Lopes et al., 1999).
van Zyl et al. (2006) investigated a broad range of biological
activities of individual oils and found that nerolidol, limonene,
α-pinene and linalyl acetate exhibited good antiplasmodial
activity with all IC50 values being less than 0.3 μg ml
−1. In this
study, most of those latter components were identified even in
small amounts and thus, they may have contributed to the
recorded activity. Furthermore, the physical properties of
essential oils namely low density (≈0.94 g ml− 1) and
lipophilicity enabling the oils to readily diffuse across cell
membrane, could enhance it targeting the intracellular malarial
parasites (Boyom et al., 2003).
The essential oils of S. albicaulis and S. dolomitica exhibited
some degree of toxicity (IC50 value: 3±0.7 and 8±0.3 μg ml
−1,
respectively) (Table 2) compared to the anticancer drug 5-fluo-
rouracil (IC50 value: 136±16.6 μg ml
−1) with the toxicity of S.
albicaulis being statistically greater than that of S. dolomitica
(Pb0.05). Dorman et al. (2000) reported the toxicity of the
essential oils of Salvia namely S. sclarea, S. officinalis and S.
lavandulifolia against a range of cancer cell lines. The toxicity of
S. albicaulis obtained in this study is similar to that of S.
lanceolata (IC50 value: 4 μg ml−1) and S. runcinata (IC50 value:
3 μg ml−1); while that of S. dolomitica is closer to that of S.
stenophylla, S. repens, S. africana-caerulea and S. chamelaeag-
nea (IC50 value≈3 μg ml−1) (Kamatou et al., 2005, 2006). The
individual oils are also known to be toxic at variable concentra-
tions. van Zyl et al. (2006) demonstrated that limonene,
nerolidol, p-cymene, α-thujene, δ-terpinene, β-thujene and α-
bisabolol displayed some toxicity (IC50 value≤10 μg ml−1) in
comparison to chloroquine. The presence of the above
compounds although present in small concentrations may
synergistically increase the toxicity of the essential oils. Since
the essential oils exhibited various degrees of toxicity, they should
be used with caution.
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